glibenclamide-induced hypoglycemic events may be severe and long-lasting. Therefore, guidelines state that glibenclamide should be used with caution in mild renal impairment (GFR 60-90 ml/min) and should be avoided in more severe stages. 1 The aims of the current retrospective database study are to examine (1) insulin initiation in type 2 diabetes patients with onset of metformin or sulfonylurea treatment and (2) the association of kidney function decline with switching from oral antidiabetic drugs to insulin therapy in both groups.
Patients and Methods

Disease Analyzer Database
The Disease Analyzer database (IMS HEALTH) assembles drug prescriptions, diagnoses, and basic medical and demographic data directly obtained from the practice computer system of general practitioners throughout Germany. 7 Diagnoses (ICD-10), prescriptions (Anatomical Therapeutic Chemical [ATC] Classification System), and the quality of reported data were continuously monitored by IMS based on a number of quality criteria (eg, completeness of documentation, linkage of diagnoses, and prescriptions).
Study Population
Overall, the database included 1072 general practices continuously reporting to IMS HEALTH during the study period (January 2003-December 2012). First, all type 2 diabetes patients with a first-line prescription (index date) of either metformin (ATC: A10J) or sulfonylurea (ATC: A10H) (n = 39 997) were selected. Further inclusion criteria were continuous treatment in the same practice (≥1 visit during the 12 months before index date and ≥1 visit during at least 12 months after index date) and age at index date above 40 years. Patients with prescriptions of DPP4 inhibitors, GLP-1 agonists, glitazones, or glinides during the study period were excluded. Furthermore, patients with diagnosed renal or liver insufficiency before index date were excluded, leaving a sample of 20 446 patients. Finally, only patients with ≥1 estimated eGFR 0-183 days before and at least one eGFR after index date were included (n = 10 223).
Study outcome was the first insulin prescription recorded in the database after index date. Therefore, no insulin prescriptions prior to index date and within 90 days after index date were allowed to avoid misclassification of prescriptions already present at baseline. GFR was estimated using the Modification of Diet in Renal Disease formula (eGFR = 186 × (serum creatinine mg/dl) -1.154 × (age) -0.203 (*0.742 when female). 4 Macrovascular complications were determined based on primary care diagnoses (ICD-10 codes) for coronary heart disease (I20, I24, I25), myocardial infarction (I21, I22, I23, I25.2), stroke (I63, I64, G45), peripheral vascular disease (E11.5, E14.5, I73.9), and congestive heart failure (I50). Microvascular complications included retinopathy (E11.3, E14.2) and neuropathy (E11.4, E14.4). Lipid disorders, hypertension, and depression were assessed as potential confounders. Furthermore, a revised version of the Charlson Comorbidity Index (CCI) was used as generic marker of comorbidity. 8 Demographic data included age, sex, health insurance (private/statutory), type of primary care (diabetologist/general practitioner), and practice region (urban/rural; East/West Germany). Data on HbA1c, fasting glucose measurements, and body mass index, which were only available in a subgroup, were also analyzed.
Statistical Analysis
Differences in characteristics of patients with metformin or sulfonlyurea were assessed using t tests, Wilcoxon tests, or chi-square tests. The analyses of insulin-free period were carried out using Kaplan-Meier curves and log-rank tests. To control for confounding, one-to-one matching was carried out based on a propensity score that was constructed as the conditional probability of insulin initiation as a function of age, sex, type of health insurance, and type of primary care treatment.
A multivariate Cox regression model was fitted with insulin initiation as dependent variable separately for metformin and sulfonylurea users. eGFR after index date was classified into the following groups: >90, 60-<90, 30-<60, 15-<30 ml/ min/1.73 m 2 , respectively. 4 Because of very few numbers, no further category <15 ml/min/1.73 m 2 was established. Furthermore, baseline eGFR, potential confounders (age, sex, diabetologist care, private health insurance, practice in East Germany), Charlson Comorbidity Score, hypertension, lipid disorders, depression, and cotherapy with ACE inhibitors, diuretics, and statins were included as independent variables. In separate models, baseline HbA1c and body mass index were included, which were only available in a subsample. Two-sided tests were used and a P value < .05 was considered as statistically significant. All analyses were carried out using SAS 9.3 (SAS Institute, Cary, USA).
Results
There were 9103 and 1120 patients with first-time prescriptions of metformin or sulfonlyureas in the practices, respectively ( Table 1 ). The average follow-up observation period (years) after insulin initiation was comparable for the groups (mean (SD): metformin: 3.2 (1.6); sulfonylurea: 3.7 (1.8) years). There was no significant difference in the time from first recorded diabetes diagnosis in the practice until onset of medical therapy in both groups ( Table 1) .
The metformin group was younger and comprised more males. Furthermore, practice residency was more often in West Germany (P < .05). There were no significant differences for privately insured patients, diabetologist care, and rural/urban practice residency between both groups (P > .05). In subgroup analyses, the average recorded BMI at baseline was higher in metformin than in sulfonylurea users (Table 1 ). Furthermore, baseline eGFR was significantly higher in patients with metformin treatment. Mean HbA1c was somewhat lower in patients with metformin (P < .001).
Although hyperlipidemia was more often diagnosed in patients with metformin and no difference was found for hypertension, macrovascular diseases were significantly more often observed in sulfonylurea users (Table 1 ). In particular, significant differences were found for baseline prevalence of diagnosed coronary heart disease, previous myocardial infarction, stroke, peripheral vascular disease, and congestive heart failure between the 2 groups. Depression was diagnosed in almost one-quarter in both groups (no difference). No significant differences between the 2 groups were also observed with respect to baseline microvascular complications (retinopathy, neuropathy). Overall, the sulfonylurea cohort had considerably more concomitant diseases than the metformin users, which resulted in a higher CCI (P < .001). Comedication with ACE inhibitors and diuretics was frequent in both groups, which was higher among sulfonylurea users (P < .001) (statins: no difference).
In both groups there was a comparable decline in renal function during the study period. The average absolute decline of eGFR was -10.3 (SD: 8.9) ml/min/1.73 m 2 and -10.9 (SD: 9.9) ml/min/1.73 m 2 in metformin and sulfonylurea users (p = 0.567), respectively.
Kaplan-Meier survival analyses
The cumulative incidence of insulin treatment was 4.3% for the metformin group and 14.5% for the patients receiving sulfonylureas over the study period of 6 years. The corresponding figures for the propensity score matched pairs (n = 1117) were 5.6% (metformin) and 14.5% (sulfonylureas), respectively. Figure 1 presents Kaplan-Meier curves for insulin prescriptions for the 2 matched groups. The metformin users were at a decreased risk of insulin initiation, which started already during the first year after index date and persisted over the whole study period. The insulin-free survival curves showed a significant difference between the 2 groups (log-rank test: P < .0001).
Cox regression analysis
The multivariate hazard ratios of the Cox regression models (backward selection) for metformin and sulfonylurea users are shown in Tables 2 and 3. These data show that a large decline in kidney function (eGFR 15-<30) was strongly associated with insulin initiation in the metformin group, whereas slighter GFR deteriorations were not related to onset of insulin therapy. Furthermore, male sex, diabetologist care, history of stroke, and prescriptions of diuretics and statins were associated with a higher likelihood to start insulin therapy in the metformin group. The age group 60-80 years (reference: ≤60 years) and patients with diagnosed hyperlipidemia had a lower risk of insulin initiation. In contrast to metformin, a GFR decline was not related to insulin initiation in sulfonylurea users (Table 3 ). There was a borderline significance with a lower insulin therapy risk for eGFR values between 60-<90 ml/min/1.73 m 2 (P = .046). Furthermore, a diagnosed congestive heart failure and prescriptions of diuretics were related to an increased risk of insulin treatment. Both prescriptions of thiazides and other diuretics were related to an increased risk of insulin therapy (data not shown).
In subgroup analyses, we further adjusted for baseline glycemic control (HbA1c) and body mass index. The significantly increased risk for insulin therapy in metformin users related to eGFR (15-<30) persisted in these models (data not shown). No association between eGFR and insulin initiation was found in the sulfonylurea group. In both patient cohorts, baseline HbA1c (%) but not BMI was an independent predictor for onset of insulin treatment (metformin: HR: 1.42; 95% CI: 1.30-1.54; sulfonylureas: 1.37: 1.17-1.61).
Discussion
About 3-fold as many type 2 diabetes patients started insulin therapy within 6 years after receiving a first-time prescription of sulfonylureas compared to metformin in primary care practices in Germany. As a novel finding, the present study indicates that a substantial eGFR decline is a significant predictor of initiating insulin therapy in metformin, but not in sulfonylurea users in general practices.
Recently, a retrospective cohort study using a similar database in the United States also found that in 2 matched groups of older patients (≥65 years) about twice as many subjects started insulin therapy within 3 years after receiving their first prescription of sulfonylurea monotherapy compared with metformin therapy. 2 Furthermore, initiating treatment with sulfonylureas was related to a shorter time to insulin onset compared to metformin. 2 These results are consistent with previous cohort studies from Canada 9,10 and Europe. [11] [12] [13] Most of these studies have not carefully matched for baseline characteristics like the US study and the present study. But the general impression is that sulfonylurea treatment is associated with a higher likelihood for initiating insulin therapy compared to metformin treatment.
In the A Diabetes Outcome Progression Trial (ADOPT), 14 a randomized controlled trial to evaluate the durability of glycemic control in patients receiving monotherapy with rosiglitazone, metformin or a sulfonylurea (glyburide), the annual rate of β-cell function decline-as determined by homeostatic model assessment (HOMA)-was greatest in the glyburide group (6.1%), intermediate in the metformin group (3.1%), and least in the rosiglitazone group (2.0%). 14 Thus, the increased treatment failure with glyburide was related to an increased beta cell function decline compared to metformin and rosiglitazone. 14 Therefore, insulin therapy may be required earlier in these patients.
Impaired kidney function occurs in up to 40% of type 2 diabetes patients. 15 Once the eGFR declines below 60 ml/min the oral antidiabetic therapy needs to be rechecked according to German guidelines. 4, 16 In Germany, prescription use of metformin is contraindicated if the eGFR falls below 60 ml/ min. 4, 16 Other European guidelines are less strict suggesting to stop metformin in patients once eGFR is <45 ml/min. 5 The present study suggests that a substantial decline in eGFR may alert primary care physicians in Germany to switch from metformin to insulin therapy. GFR levels <30 ml/min were associated with an adjusted 2-fold higher likelihood of initiating insulin therapy in metformin users. In contrast, no association between renal failure and start of insulin therapy was found in sulfonylurea (glibenclamide) users. In Germany, sulfonylurea prescriptions are allowed in patients with an eGFR between 30 and 59 ml/ min but are contraindicated if renal function further declines. 4, 16 In the present study, kidney function decline was not significantly related to starting insulin therapy in sulfonylurea users. On the other hand, renal failure is a major risk factor for hypoglycemia. The higher risk of hypoglycemia induced by sulfonylureas is due to accumulation related to lower renal clearance. 1, 4, 5 Thus, further studies are needed to examine if primary care physicians are more alert to the potential side effects (lactate acidosis) of metformin treatment in kidney failure compared to side effects (hypoglycemia) of sulfonylureas.
Several of the other factors that we observed to be associated with initiation of insulin therapy may reflect their associations with insulin sensitivity. As an example, statin use may reflect lipid disorders which are related to insulin resistance. Furthermore, both in metformin and sulfonylurea users, prescription use of diuretics were associated with an increased risk of insulin initiation. In particular, thiazides are known to induce a mild form of glucose intolerance. 9 In contrast, a previous study from Canada found that patients taking thiazide diuretics in the year before initiation of oral antidiabetic drugs were less likely to initiate insulin therapy. 9 In line with a previous study from Sweden, the age group ≤60 years had a higher risk of insulin treatment compared to older patients (60-80 years). 11 Furthermore, baseline HbA1c was a significant predictor of onset of insulin therapy. 11 BMI was not associated with insulin therapy in the present study (mostly obese subjects), whereas a lower BMI was related to start of insulin treatment in a database study from Scotland. 13 In line with the present study (metformin users), male sex was significantly related to switching to insulin in the Tayside study in the United Kingdom. 13 In addition, comorbidity like previous stroke and heart insufficiency were associated with insulin initiation, which most likely reflects a more advanced disease stage. Finally, diabetologist care was association with a higher likelihood to start insulin therapy in the metformin group, which may reflect less resistance to start insulin therapy.
Several limitations of the present study should be mentioned. First, no valid information on diabetes type, prescribed daily doses, and important outcome measures (eg, hypoglycemia) were available in the database. Furthermore, no valid information on diabetes duration was available. Also assessment of comorbidity relied on ICD-codes by primary care physicians only. Second, HbA1c and fasting glucose values were only available for a subgroup at baseline but not during the course of insulin treatment. Finally, the low prevalence for microvascular complications observed in the present study compared to population-based estimates indicated that a substantial number of patients who have such complications were missed.
In conclusion, under real-life conditions, first-time prescription of metformin in type 2 diabetes was associated with lower risk of insulin initiation compared to sulfonylurea monotherapy. Kidney function decline was associated with insulin initiation in metformin but not in sulfonylurea users. Further studies are necessary to investigate if primary care physicians are more alert to the potential side effects of kidney function decline of metformin than of sulfonylurea therapy.
Abbreviations ACE, angiotensin-converting-enzyme; ATC, anatomical therapeutic chemical classification (EmphRa-Classification); CCI, Charlson Comorbidity Index; GFR, glomerular filtration rate; HR, hazard ratio; ICD, International Classification of Diseases; SD, standard deviation.
